Rationale: Urachal borderline mucinous cystadenoma is very rare and has only 9 cases in the current literature with the biological behavior between adenoma and adenocarcinoma.
Introduction
Urachus, which connects the umbilicus and anterior wall of bladder, is an embryological remnant of allantois. [1] During the embryonic evolution process, urachus closes to become an umbilical median ligament. [2] However, if it undergoes an incomplete atresia resulting in a patent urachus, it may become the primary site of various lesions, including cyst, fistula, tumor, diverticulum, and so on. [3] Among them, urachal tumors are less reported and have attracted more attention due to their potential invasive ability. Furthermore, urachal tumors are mostly originated from epithelium and their pathological classifications were covered by the 2016 World Health Organization (WHO) classification of genitourinary tumors, [4] among which, the urachal borderline mucinous cystadenoma is especially rare, with only 9 clearly diagnostic cases revealed by published literatures. [5] [6] [7] [8] [9] [10] [11] [12] [13] Obviously, its diagnostic and therapeutic experience remains limited. We aimed to share a case of urachal borderline mucinous cystadenoma from the aspects of clinical, imaging, operative, and pathological findings to provide more information for further study.
Case report

Clinical findings
A 41-year-old man attended our urology outpatient department with complaints of swelling and pain in lower abdomen for more than 1 year. The pain, which only extended to moderate degree, was paroxysmal and without obvious incentive. He had no history of gross hematuria, irritative urinary symptoms, osphyalgia, or abdominal mass. During urinating, the patient had no attention about filamentous mucus, which was later discovered by microscopic observation in routine urinalysis. Otherwise, he had a history of appendicectomy, and he denied recent weight loss or family history of tumor. All other blood analysis including tumor markers of free and total prostatespecific antigen (PSA) and chest computed tomography (CT) completed before surgery showed no abnormalities.
Imaging findings
Ultrasound examination of abdomen showed a mixed echo between bladder dome and abdominal wall on umbilical level. The mass, which was measured as 101 Â 42 Â 33 mm, was possessed of well-defined boundary, irregular shape, light vascularity, and several separations nearing bladder. Abdominal plain CT scan revealed a heterogeneous, lobulated hypodense mass measuring 3.8 Â 3.3 cm in enterocoelia of subumbilical plane (Fig. 1 ). More precisely, the complex cystic lesion extended from umbilicus to anterosuperior dome of the bladder. This hypo-density lesion showed no obvious enhancement in contrastenhanced CT scan, but nonetheless, we also clearly observed asymmetrical septa and dense shadow at the margin of cystic wall, which showed mild enhancement in delayed phase (Fig. 2 ). There were no image features of metastatic lymph nodes or other sites. Radiologically, a diagnosis of urachual cystadenoma with unknown malignant potential was put forth.
Operative findings
The patient subsequently underwent radical resection of urachal mass and partial cystectomy. At laparotomy, a cystic tumor connecting urachal remnant and dome of bladder was disclosed behind the peritoneum. Intraoperative view did not see evidence of pseudomyxoma peritone (PMP), which has been previously reported that it may originate from urachal remnants and is characterized by the intraperitoneal spread of mucus. [8, 14] Evaluation for invasive signs of lymph node and other organs including ovary was negative. The patient was uneventful during postoperative course.
Pathological findings
Grossly, we observed a polycystic mass measuring 3 Â 3 Â 2 cm without capsule. In cross-section, there was a smooth wall filled with thick gelatinous mucus within the lumen. Histological examination revealed irregular glands floating in the mucous lake and part of the glandular epithelial dysplasia with deeply stained nuclei and pseudostratified epithelium (Fig. 3B ). For comparison, we also selected the normal region of cystic wall which was lined by single columnar epithelium without abnormal cellular morphology or growth patterns (Fig. 3A) . Otherwise, the cystic wall was lined by mucus columnar epithelium, with formation of visible nipple and secretion of mucus, and no tumor cells were observed in stroma (Fig. 3C) . Otherwise, the performance of blue particles or pieces proved the presence of calcification (Fig. 3D) . On the basis of dysplasia and noninvasion of stroma, we made a diagnosis of borderline condition of urachal mucinous cystadenoma. Taking into account the histologically low malignant potential and no evidence of lymph node or distant organs metastasis, regardless of radiological, pathological, or intraoperative aspects, the patient was recommended with radical resection without adjuvant chemotherapy. The importance of follow-up has been emphasized in case of recurrence or canceration.
Discussion
The urachus is gradually blocked as a fiber cord and walks in the space between abdominal fascia and peritoneal loose connective tissue (Retzius gap) during the period of the 4th or 5th month of embryonic development, and bladder descends into the pelvis at the same time. The wall of the urachal tube consists of 3 layers of structure, which from inside to outside are followed by the transition epithelium, connective tissue, and residual smooth muscle cells. Epithelial neoplasms originating from urachus can be divided into nonglandular, glandular, and mixed neoplasm. The nonglandular neoplasms include urothelial neoplasm, squamous cell neoplasm, neuroendocrine neoplasm, and mixed-type neoplasm. Glandular neoplasm can be further classified as adenomas, mucinous cystic tumor of low malignant potential, and adenocarcinoma. These three stages of tumors may cover the tumors' transformation process from benign to deterioration. [4] In above classifications, mucinous cystic tumor of low malignant potential means adenocarcinoma in situ with borderline biological behaviour, which suggests that early detection and treatment are necessary for better survival.
We made a detailed analysis about the previous reports, and our present case was also included (Table 1) . Among the 10 cases of urachal borderline mucinous cystadenoma, 2 cases of female and 8 cases of male were reported. Patients were aged from 29 to 72 years, and the median age was 54 years old. The vast majority of initial symptoms were intermittent pain and/or mass in abdomen, excepting only 1 patient who had the chief complaint of haematuria and mucusuria during his visit. Most patients showed normal results about biochemistry and hematologic examinations. Our present patient had mucusuria, which was a rare but significant symptom for the diagnosis of urachus disease. [15] In addition, there was a case who had mild monocytosis and elevated fibrinogen; these laboratory findings in patients with pseudomyxoma peritonei were uncommon and not discriminative, but their appearance often prompts the risk of infection caused by urachal remnant. [16] Tumor markers have become the key basis for the diagnosis of various neoplastic lesions, but not all diseases have sensitive tumor markers. Considering the low incidence of urachal tumors, the present literature has not yet given a relatively sensitive tumor marker. Some researchers recorded the level of carcinoembryonic antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), but found no abnormities, except only 1 patient who had elevated CEA. When our patient was in the initial diagnosis, we checked PSA which has been shown to be associated with bladder neoplasm, [17] and we found both free and total PSA were within normal range. The advice was proposed to identify sensitive and specific tumor markers of urachal neoplasms after more relevant cases were reported. Otherwise, there were 3 patients with PMP which was originated from the urachal mucinous cystic tumor of low malignant potential. PMP is a clinically uncommon phenomenon with low incidence rate of only one millionth. [18] We always find massive amounts of mucous fluid in peritoneal cavity in people suffering from this disease, which is commonly caused by lesions of appendix or ovary and very few other primary sites. Our review of literature showed that the possibilities originating from urachal lesions should not be ignored when PMP was found (Table 1) . Next, we reviewed the imaging and pathologic data of all present cases. Among all of the patients, the CT scan of the abdomen and pelvis showed a circular or irregular cystic lesion with low density connecting the urinary bladder and umbilicus. All of the lesions had various size and no invasive signs of near organs or lymph nodes. Several special imaging signs which were worthy of our mention were also recorded. First of all, intracapsular separation was significant in CT scan of 3 patients and the postoperative specimens showed multiloculated mass in 5 patients. Next, calcification was also meaningful in 7 cases and the CT imaging often appears as minute peripheral calcification. We hypothesize that lobulation and marginal calcification are common scenes, but combining with previous literature, we find that these manifestations are still not specific, and these signs can also be expressed in urachal mucinous adenocarcinoma. [19] [20] [21] As for the enhanced CT scan signs, most literatures were not mentioned, with only 2 patients who were clearly pointed out with no enhancement, and another 2 patients who showed minimal peripheral enhancement. In conclusion, CT scan provides accurate information of position, size, and invasion for urachal lesions, but the value for qualitative diagnosis is limited. Several characteristics in CT scan including intracapsular separation, calcification, and enhancement may only give us some tips, but cannot give a definite diagnosis.
Pathologically, all patients showed mucinous cysts with abundant mucin, no matter whether there was papillary or loculated structures. Microscopically, the cyst wall of all cases was lined by the epithelium covered by atypical columnar cells with nuclear pleomorphism and less polarity, which were the most reliable bases for diagnosis of low malignant potential. Apart from this, the absence of invasive signs including stroma and surrounding or distant organs supported that the disease was not deteriorated. All basic histological presentations were unanimous and supported our diagnosis.
All patients received the radical excision and partial cystectomy. Intraperitoneal lavage and excision of partial peritoneum in patients with PMP were conducted; there was 1 patient who took 5 0 -deoxy-5-fluorouridine (1200 mg/d) orally for 4 years after surgery. The follow-up time ranged from 6 months to 7 years, and no patients showed evidence of recurrence or metastasis.
Conclusions
We conclude that the risk of deterioration is low, and early surgical resection and abdominal lavage may maintain long survival time. In our patient, after resection, he was in good condition and had no complications; we forecast that he will have a good prognosis according to our above review. We reported this rare case which is the 10th case in present published researches. We expect that our report will help to supply more data about treatment and biological manifestations of urachal borderline mucinous cystadenoma for further study.
